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ABSTRACT : 

PURPOSE: To produce a ferritic stainless steel having excellent high temp, strength 
and thermal fatigue resistance particularly at 600-650*^0 exhaust gas temp, as 
compared with the conventional steel such as SUH409, also having oxidation 
resistance up to ^800°C and superior workability and corrosion resistance in a weld 
zone and toughness, and suitably used as automobile exhaust system member or 
exhaust gas passage member for LNG/thermal compound power generation. 

CONSTITUTION: This heat resistant ferritic stainless steel has a composition 
consisting of, by weight, ^,0.015% C^ 0.2-<0.8% Si, 0.2-<0.8% Mn, ^0.03% P, 
0.002% S, 11-14% Crj_ ^0.5% Ni^ >0.2-0.5% Nb^ 0.06-0.2% Ti, ^0.015% N^ 0-0.2% Al, 
and the balance Fe with inevitable impurities, further containing, if necessary, 
one or ^2 kinds among 0.3-2% Mo, 0.1-1% 0.1-0.5% V, and 0.0003-0.005% B, 
satisfying C+N^O.02% and (Nb+Ti) / (C+N) ^20, and also .satisfying A1^2N when Al is 
contained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, below C:0,015 % and under Si:0.2 - 0.8 % Mn: Below [ under 0.2 - 0.8 %,7 
P:0.03% or less and below S:0.002 % ], Nb:0.2 % is exceeded below nickel:0.5 % Cr:l 1-14%. Below 
0.5 % Ti: 0.06-0.2 %, below N:0.015 %, aluminumiO - 0.2 %, It is the heat-resistant ferritic stainless 
steel with which aluminum>=2N is satisfied when it contains and (Nb+Ti)/(C+N)>=20 and aluminum 
are included C+N<=0.02%, and the remainder consists of Fe and an unescapable impurity. 
[Claim 2] Furthermore, heat-resistant ferritic stainless steel according to claim 1 characterized by one 
sort or including two or more sorts in below Mo:0.3 - 2 %, W:0.1 - 1 %, ViO.l - 0.5 %, and B:0.0003 - 
0.005 % 



[Translation done.] 
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* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.* * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to heat-resistant ferritic stainless steel suitable as various 

internal combustion engines* exhaust gas path member. For example, it is suitable for an automobile 
exhaust air system member and the exhaust gas path member of LNG thermal power combined cycle 
power generation using an exhaust-heat-recovery boiler. 
[0002] 

[Description of the Prior Art] Exhaust air system components, such as an automobile exhaust manifold, 
a front pipe, and a pin center,large pipe (henceforth automobile exhaust air system tubing), are in the 
part in contact with the hot combustion gas discharged from an engine, and various properties, such as 
outstanding workability, and oxidation resistance, high temperature strength, a heat-resistant fatigability, 
are required of the ingredient which constitutes this. However, in order to respond to the rise of 
strengthening of emission control in recent years, and the exhaust gas temperature according to 
improvement in the engine performance of an automobile fiirther, the request of the improvement in fiiel 
consumption by car-body metrization, etc., the welded tube of stainless steel has come to be used as an 
exhaust air system ingredient. 

[0003] on the other hand - a thermal power station plant - if it is, the combined cycle power generation 
using an exhaust-heat-recovery boiler is performed briskly, and the combustion temperature of the 
turbine for a generation of electrical energy tends to rise, and from using especially LNG as a fuel, from 
the conventional 1 lOO-degree-C class, 1300-degree-C class and 1350-degree-C class make a plan, and 
are actually coming to install it in recent years. In connection with it, the exhaust-heat-recovery boiler 
which collects the heat of the elevated-temperature exhaust gas by the side of turbine appearance is also 
in the elevated-temperature-ized inclination. For example, conventionally, the exhaust gas temperature 
which it was around 550 degrees C rises by about 100 degrees C, and is becoming before and after 650 
degrees C. 

[0004] Austenitic stainless steel has the outstanding thermal resistance and workability, arid weldability. 
As a typical steel type, there are SUS304 (18Cr-8nickel), SUS310S (25Cr-20 nickel), etc. However, the 
coefficient of thermal expansion of austenitic stainless steel is large, and destruction tends to produce it 
by the thermal fatigue resulting from heat distortion in the application which receives the repeat of 
intense heating-cooling like an automobile exhaust pipe. 

[0005] Moreover, generally the exhaust-heat-recovery boiler of LNG thermal power combined cycle 
power generation takes the operation method of a day-ranges operation-Nighttime halt except for a 
power consumption peak term, such as midsummer. Therefore, in an exhaust heat path member, when 
an austenitic stainless steel is used for example, for a lining duct etc., since the coefficient of thermal 
expansion is large, there is risk, such as deformation by heat distortion. 

[0006] On the other hand, since the coefficient of thermal expansion is smaller than austenitic stainless 
steel, since it is cheap, when ferritic stainless steel can avoid fatigue breaking and deformation by such 
heat distortion, and the direction of ferritic stainless steel uses for an automobile exhaust pipe, a lining 
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duct, etc., it becomes advantageous. 

[0007] the thermal resistance in 600 degrees C or more - especially — the field of creep strength 
ferritic stainless steel — an austenitic stainless steel - it should also reach ~ although there is nothing, 
taking advantage of that a coefficient of thermal expansion is small and the advantage of being cheap, it 
can be said that it is suitable for the structural member as which creep strength is not required so much 
as mentioned above. Conventionally, generally as heat-resistant ferritic stainless steel, SUH409L (12 Cr- 
Ti) has been used. However, an ingredient which was further excellent in high temperature strength and 
creep strength was desired with the rise of the exhaust gas temperature of an automobile exhaust air 
system and an exhaust-heat-recovery boiler. 

[0008] Furthermore, in the exhaust gas of the exhaust-heat-recovery boiler of LNG thermal power 
combined cycle power generation, about 10% of moisture and about 5% of carbon dioxide gas are 
contained, we are anxious about the dew point corrosion at the time of the shutdo^yn by these water of 
condensation, and especially a corrosion-resistant improvement by the weld zone was desired. 
[0009] "JP,60-145359,A C:0.05% or less, Si:1.0 - 2.0 %, Mn: Below 2 %, Cr:6 -25%, less than 
[ Mo:5% ] (However, Cr+Mo>=8 %), N:0.05% or less, and below aluminum:0.5 % one or more 
(however, Ti, Zr, Ta, and the amount of Nb(s) ~ all C -) sorts of Ti, Zr, Ta, and Nb The amount of 
stoichiometries required to use N as carbide and a nitride is included, and it is Nb. : The high- 
temperature-service ferritic steel which moreover consists of un-joining [ Nb ] together more than 0.1 % 
(preferably more than 0.2 %) (dissolution) at 0.3% or less and which has periodic oxidation resistance 
and creep strength" is indicated. 

[0010] In this official report, addition of Si is effective in periodic oxidation resistance, and it is said to 
creep strength that formation of the Laves phase which is rich in the existence of un-joining [ Nb ] 
together (dissolution) and Si more than 0.1 % (preferably more than 0.2 %) is important. 
[00 11] However, when 1% or more of Si is made to contain as a result of this invention persons* 
examining the above-mentioned ferritic steel, acquiring good base material toughness stiffens by the 
Laves phase which deposits during elevated-temperature use rather than it is easy, and it has risk of 
breaking with a small impact at the time of a temperature fall. When a thick plate was used as a 
structural member while calling it especially 3 -9mm of board thickness, it became clear that the 
dependability at the time of long duration use is not acquired. Moreover, there is a problem that the steel 
currently indicated by the example of this invention has few Nb(s) and the amounts of Ti which 
contribute to stabilization of C and N, and is inadequate for preventing the intergranular corrosion of a 
heat affected zone. 

[0012] In JP,62-14626,B, it is the inside S and O of steel. It considers as less than 0.008%, and the 
ferritic steel the inclusion in steel excelled [ ferritic steel ] in the elevated temperature at the high- 
temperature-oxidation-proof nature characterized by being inclusion more stable than MnS is indicated. 
[0013] MnS or Cr which is the inclusion which has a bad influence on oxidation resistance by reducing 
the content of S and O which are an impurity, In order to be characterized by suppressing generation of 
oxysulfides, such as Si, aluminum, and Mn, and to control oxidation-resistant degradation by the time of 
elevated-temperature use, or Cr carbide generation of a weld zone Adding one sort of Ti, Nb, Zr, and Ta 
or two sorts or more in total as a C fixed element in 4 or more times of the amount of C and 1 .5% or less 
of range is indicated. 

[0014] However, the examination about N of an impurity is not made, and since the effect of N affect 
the toughness of a base material and a weld zone is large, anxiety remains in the toughness of a weld 
zone especially. Moreover, the examination about the effect of many elements exerted on high 
temperature strength and a thermal fatigue life is not made enough. 

[0015] When two sorts of Ti, Nb(s), Ta, and Zr which are C and N fixed element are added especially, 
the examination about the workability at the time of carrying out compound addition of Nb and Ti, a 
moldability, toughness, high temperature strength, and the proper addition that considered corrosion 
resistance balance is not made. 
[0016] 

[Problem(s) to be Solved by the Invention] Especially this invention has high temperature strength and a 
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heat-resistant fatigability excellent in the exhaust gas temperature of 600-650 degrees C compared with 
the conventional steel of SUH409 grade, and aims at obtaining the ferritic stainless steel which was 
suitable as an automobile exhaust air system member with the oxidation resistance to 800 degrees C, the 
outstanding workability and weld zone corrosion resistance, and toughness, or an exhaust gas path 
member of LNG thermal power combined cycle power generation. Moreover, it is in offer of the 
ingredient contributed to unification of the cheap ferritic-stainless-steel material which can respond also 
to a user's low cost-ization, for example, the ingredient which results in an exhaust manifold-front pin 
center,large pipe-muffler in an automobile exhaust air system. 
[0017] 

[Means for Solving the Problem] Generally, it is the sheet metal or the welded tube of 2mm or less of 
board thickness, and as board thickness of exhaust-heat-recovery boiler duct material, 1.5-6mm is a 
subject and, as for an automobile exhaust air system member, the inside thick plate to about 9mm is also 
used. Required oxidation resistance, high temperature strength, a heat-resistant fatigue property, 
workability, toughness, and weldability are required for all on structure. However, what is necessary is 
not to require the creep strength of SUS304 or the 2.25Cr(s)-lMo ferritic steel average, since it is the 
member which does not receive severe intemal pressure etc., but just to provide the high temperature 
strength which can be equal to long-term use. 

[0018] Then, that the ferritic steel in which many above-mentioned properties were more excellent 
compared with steel conventionally should be developed, this invention persons came to acquire the 
following knowledge, as a result of inquiring wholeheartedly. 

[0019] A ) - Nb the pole of 0.006 - 0.2 % - the carbide formed when the compound addition 
effectiveness of Ti of the narrow range is carried out (Nb, Ti) Since the field (Interstitial Free) where 
Dissolution C and N does not exist around it since it is easy to deposit as a nucleus is formed, TiN which 
deposits at an elevated temperature and deposits minutely rather than the carbide in Nb or Ti 
independent addition system Although this becomes elasticity and good workability and a moldability 
are obtained Since the sites a Laves phase carries out [ sites ] a priority deposit decrease in number to 
coincidence, it is effective in deposit delay of a Laves phase elevated-temperature in use, embrittlement 
can be delayed and recrystallizing temperature is also reduced further, ease heat distortion and a thermal 
fatigue property should improve, 

[0020] B ) — while the toughness of a base material and a heat affected zone improves by regulating 
with (Nb+Ti)/(C+N)>=20, the intergranular corrosion of the weld zone in a water-of-condensation 
environment should be prevented. 

[0021] C ) - the toughness of the amount of aluminum added in order to raise oxidation resistance and 
toughness in a hot-rolling plate and a heat affected zone should improve by being referred to as 
aluminum>=2N 0.02% or more. 

[0022] This invention is what was completed based on such knowledge. The summary "At % of the 
weight, below C:0.015 % and under Si:0.2 - 0.8 % Mn: Less than [ 0.2 -0.8% ], P:0.03% or less, and 
below S:0.002 % Nb:0.2 % is exceeded below nickel:0.5 % Cr:l 1-14%. According to aluminum:0 - 0.2 
% and the need below 0.5 % and Ti:0.06-0.2 % and below N:0.015 % Mo: 0.3 - 2 %, W:0.1 - 1 %, V:0.1 
- 0.5 %, In below B:0.0003 - 0.005 %, one sort or when two or more sorts are included and (Nb+Ti)/ 
(C+N)>=20 and aluminum are included C+N<=0.02%, aluminum>=2N is satisfied, and it is in the heat- 
resistant ferritic stainless steel with which the remainder consists of Fe and an unescapable impurity." 
[0023] 

[Function] Next, a content and an operation are explained about the alloy content and impurity of this 
invention steel. 

[0024] Although reinforcement is raised, toughness is degraded, and the increment in C and N:C, and N 
is ****** about a bad influence to workability and weldability. Therefore, the thing low as much as 
possible of C and N is desirable, and, for this reason, they carry out to below C:0.015 % and below 
N:0.015 %, and may be C+N<=0.02%. They are below NiO.OlO % and below C+N:0.015 % C:0.01% or 
less desirably. 

[0025] If C+N exceeds 0.03%, even if it will carry out compound addition of Ti and the Nb, while C and 
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N cannot be fixed enough and said bad influence comes out, the intergranular corrosion susceptibility of 
a weld zone becomes high. 

[0026] Si:Si is an effective deoxidation element and is an element indispensable to oxidation resistance. 
0.2 Demonstrate effectiveness on an anti-oxidation disposition by the addition more than %. Moreover, 
there is effectiveness of raising high temperature strength and raising a heat-resistant fatigue property in 
Si. In the Laves phase (mainly Fe2 Nb) which deposits at an elevated temperature (> '600 degrees C), 
this is for suppressing the fall of the dissolution Nb which contributes to high temperature strength, and 
holding high temperature strength, when Si permutes a part of Nb. 0.8 If it adds more than %, since 
toughness and workability will be degraded, Si needs to be taken as the narrow range under 0.2 - 0.8 %. 
It is 0.2 - 0.6 % desirably. 

[0027] Mn:Mn is a deoxidation element and is known as an element which improves hot-working 
nature. However, MnS is formed, and since the origin of oxidation comes or it is an austenite formation 
element, it is not desirable for oxidation resistance. Therefore, it carried out to under 0.2 - 0.8 %. It is 0.3 
- 0.7 % desirably. 

[0028] Cr: It is an element indispensable to oxidation resistance and corrosion resistance. At less than 
1 1%, if the effectiveness does not show up but it adds exceeding 14%, in order to degrade toughness and 
workability, the upper limit was made into 14%. 

[0029] P: Although P is one of the unescapable impurities on manufacture, in order to avoid the bad 
influence to toughness and workability, it is 0.03% or less. 

[0030] S: If there are many amounts of S, like Mn, it is not desirable from an oxidation-resistant point, 
and since it has a bad influence also on weldability, it is necessary to make an upper limit into 0.002 %, 
although S is also an unescapable impurity on manufacture. 

[0031] Nb:Nb is an element indispensable when raising the high temperature strength and creep strength 
which are the weak spot of ferritic stainless steel, and the effectiveness shows up notably above 500 
degrees C. Nb has the operation which fixes C and N as carbon nitride. In this invention, Nb:0.2 % is 
exceeded, and below 0.5 %, since it is considering as C+N<=0.02%, it is set to %Nb/(%C+%N) >=10. 
The amount of dissolution Nb(s) required for this to obtain sufficient high temperature strength and 
creep strength was secured. Since the deposit of a Laves phase became remarkable and toughness 
deteriorated when high temperature strength sufficient by below 0.2 % was not obtained from the point 
of high temperature strength although it was so desirable that many, but contained exceeding 0.5 %, the 
amount of Nb(s) exceeded 0.2 %, and made it below 0.5 %. 

[0032] Although the Laves phase (Fe2 Nb) deposited during elevated-temperature use (>600 **) and the 
fall of the high temperature strength by the fall of the amount of dissolution Nb(s) took place, it found 
out that it was required more than 0.1% as an amount of dissolution Nb(s) to obtain high temperature 
strength sufficient also after a deposit, therefore the amount of Nb(s) beyond 0.3 % was required. 
Moreover, since the total amount of Laves phase deposits decreases as much as possible firom the point 
of embrittlement by Laves phase deposit so that the amount of Nb(s) is low, a desirable upper limit is 
0.4 %. 

[0033] Ti:Ti is effective as a fixed element of C and N like Nb. In a heat affected zone, generation of Cr 
carbide is controlled especially, and they are toughness and an element indispensable to corrosion 
resistance reservation. Moreover, in Ti and Nb, it has a base material and the coarsening depressor effect 
of a heat affected zone. In order to fully demonstrate such effectiveness, it needs (Nb+Ti)/(C+N)>=20. 
desirably, such effectiveness is demonstrated further - making ~ (Ti/Nb) - about 0.5 — general - 0.2 
the above - 1 .0 It is good to consider as the following. 

[0034] When Nb and Ti carry out compound addition, Ti combines with N and forms a nitride, and Nb 
and remaining Ti combine with C and mainly form carbide (Nb, Ti). As described above (Nb, Ti), 
carbide tends to deposit considering TiN which deposits at an elevated temperature rather than the 
carbide in Nb or Ti independent addition system, and deposits minutely as a nucleus. Therefore, the field 
(Interstitial Free) where Dissolution C and N does not exist is formed around it. 

[0035] Although this becomes elasticity and good workability and a moldability are obtained, the sites a 
Laves phase carries out [ sites ] a priority deposit decrease in number to coincidence, it is effective in 
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deposit delay of a Laves phase elevated-temperature in use, and embrittlement can be delayed. 
Furthermore, since recrystallizing temperature is also reduced, heat distortion is eased and a thermal 
fatigue property improves. 

[0036] From the purpose which demonstrates the above effectiveness, 0.06% or more of content is 
required for Ti, and 4 or more times of N are secured, and it is the minimum of the amount in which 
some carbide formation is possible. Since raising the above-mentioned effectiveness did not almost have 
the addition exceeding 0.2% and the surface crack at the time of rolling became remarkable, the upper 
limit was made into 0.2 %. 

[0037] nickel:nickel is one of the unescapable impurities on manufacture. Although addition of nickel of 
a minute amount was effective in the toughness improvement, it carried out to below 0.5 % especially 
from the thing for which it has a bad influence on oxidation resistance. 

[0038] aluminumialuminum is an arbitration alloying element, and if it is known as a deoxidation 
element and coexists with Ti, it will become more remarkable [ the effectiveness ]. Moreover, it is 
known that toughness will improve by little aluminum addition. The toughness of a hot-rolling plate and 
a heat affected zone improves by being especially referred to as 2%N<=%aluminum. It is for acting on 
immobilization of N with Ti at the time of welding, and the initial complement is 2%N<=%aluminum. 
[0039] Moreover, oxidation resistance improves by 0.02% or more of aluminum content. The peeling 
resistance of the scale is raised because aluminum carries out internal oxidation and carries out the role 
of a "wedge" to a scale especially, and oxidation resistance improves. Thereby, mixing of the scale to 
the inside of exhaust gas is controlled. Furthermore, 0.02% or more of aluminum also has high 
temperature strength and a creep strength improvement effect. However, superfluous addition made the 
upper limit 0.2 % in order to saturate the effectiveness to oxidation resistance and high temperature 
strength and to do a bad influence to workability. 

[0040] Mo:Mo is an arbitration alloying element and is known like Nb as an element which raises high 
temperature strength. In order that unlike Nb the Laves phase (Fe2 Mo) formation inclination of Mo 
may be smaller than Fe2 Nb and it may hold a dissolution condition over a long period of time during 
elevated-temperature use, a solid-solution-strengthening operation is maintained. Therefore, to an 
improvement, Mo addition is desirable in creep strength and corrosion resistance. In this case, since 
below 0.3 % was not enough as those effectiveness, the minimum was made into 0.3 %. However, 
superfluous addition reduces toughness and workability. Since it furthermore became cost quantity, the 
upper limit was made into 2.0 % when adding. 
/^[0041] W: W is an arbitration alloying element arid is known as an element which raises iiigh ^ 
te mpera ture strength like Nb and Mo. The formation inclination of W of a Laves phase is still smaller 
than Mo, and since a solid-solution-strengthening operation is maintained over a long period of time 
from **, creep strength improves. 0.1% or less was not enough as the effectiveness, and toughness and 
workability were degraded, and since superfluous addition served as cost quantity, it could be 0,1 - 1%. 
[0042] V:V is an arbitration alloying element, and it improves workability while forming a dissolution ^ 
condition or carbon nitride and raising high temperature strength. 0.1 The effectiveness shows up above 
%. However, since workability was reduced on the contrary when it was made to contain exceeding 0.5 
%, it considered as 0.1 - 0.5 %. 

[0043] B: B is an arbitration alloying element and make it contain in order to improve high temperature 

strength and oxidation resistance. 

[0044] Although the reason the improvement effect shows up is not certain, since B is known as an 
element which is generally easy to segregate to a grain boundary, it is thought that a grain boundary skid 
is prevented and high temperature strength is improved. Moreover, it is thought that impurity elements, 
such as P harmful to oxidation resistance and S, are discharged, and oxidation resistance is raised by 
grain boundary segregation. This effectiveness showed up at 0.0003% or more, and since toughness and 
workability were also degraded when it was made to contain exceeding 0.005 %, it was made into 
0.0003-0.005 %. 
. [0045] 

[Example] First, it hot-rolled at 1 150 degrees C whenever [ stoving temperature ] after the dissolution 
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and forging, the steel which has the presentation shown in Table 1 was annealed at finishing and 960 
degrees C to 4.5mm of board thickness, and the hot-rolling plate was produced. Furthermore, it cold- 
rolled to the hot-rolling plate of 4.5mm thickness, finishing annealing was performed at 960 degrees C, 
and the cold-rolled plate of 1.5mm of board thickness was produced. From cold rolled sheet steel, the 
piece of an oxidation test with an ordinary temperature test piece for tensile test with a thickness 
[ 1.5mm ] of T to JIS13B No. and the thickness of 1.5mm, a width of face [ of 20mm ], and a die length 
of 25mm was extracted. The cold-rolled plate was manufactured with electric resistance welding, and 
the thermal fatigue test piece was produced. 

[0046] Drawing 1 is drawing showing the configuration of a thermal fatigue test piece, and is 1 . It is 
tubing of a test coupon and is a path to two places. A 8mm hole (2 3) is broken and it is the feed hopper 
3 of Ayr for cooling. It has become. 4 The holder (rodding) from the inside of ****, and 5 It is the 
installation section to the electrode holder of a testing machine. Tubing 1 Holder 4 Pin 6 for 
immobilization Weld zone 7 of an edge It is fixed. 

[0047] The trial was performed in the thermal fatigue test using the electric hydraulic-servo type 
elevated-temperature thermal fatigue testing device of computer control under the temperature cycle 
shown in drawing 2 , and the mechanical strain wave. 

[0048] Cooling was carried out to heating of a test piece using high-fi:equency-heating equipment by 
blowing air into a tubing inside from said Ayr feed hopper. The test temperature was made into 200 - 
800 **, and the constraint was considered as constraint 50%. 
[0049] 
[Table 1] 
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N 


Mo 


W 


V 


B 


(cm 


A 


2XN 




1 


0.008 


0. 25 


0,45 


0. 021 


0.001 


12.0 


0.12 


0,34 


0,10 


0. 001 


0.009 










0.017 


25,9 


0.018 




2 


0. 008 


0,35 


0. 40 


0.019 


0.002 


11.5 


0.11 


0,32 


0, 08 


0. 001 


0. 006 










0,014 


2a 6 


0.012 




3 


0, 007 


0. 28 


0. 31 


0, 016 


0.001 


12.8 


0. 08 


0.25 


0. 15 


0. 001 


0.008 










0.015 


26.7 


0.016 




4 


0. 006 


0,24 


0. 56 


0.015 


0. 001 


13.8 


0. 20 


0. 28 


0.12 


0. 001 


0.0(6 










0.011 


36.4 


0.010 




5 


0. 006 


0. 36 


0.42 


0. 018 


0.002 


U.8 


0. 26 


0.31 


0,10 


0.002 


0.006 










0.012 


34.2 


0.012 




6 


0. 009 


0. 29 


0. 44 


0.025 


0.001 


12.1 


0.12 


0. 33 


0. 08 


0.025 


0.008 










0.017 


24.1 


0.016 




7 


0.008 


0,28 


0.34 


0.015 


0.001 


11.9 


0.09 


0.35 


0. 08 


0, 042 


0.007 










0,015 


2a 7 


0.017 






0. 007 


0. 26 


0. 45 


0.019 


0.001 


12.2 


0.15 


0.36 


0. 09 


0.081 


0.008 










0.015 


3a 0 


0.016 


m 




0. 009 


0. 36 


0. 33 


0.018 


0.001 


11.7 


0. 07 


0. 32 


0.10 


0. 021 


0.008 


1,2 








0.015 


2a 0 


0. 012 




il5 


0. 009 


0.26 


0. 42 


0. 021 


0.001 


11.9 


0.21 


0. 33 


0.10 


0.001 


0.008 




0.5 






0. 017 


25.3 


0. 016 




1 1 


0. 007 


0.22 


0. 36 


0.019 


0.002 


12.5 


0.17 


0.41 


0.06 


0.001 


0.009 






0.25 




0.016 


29.4 


0.018 


m 




O.OlO 


0.20 


0. 55 


0.015 


0.002 


13.0 


0. 18 


0.32 


a 10 


0.001 


0.006 








0,0005 


0,016 


26.2 


0.012 




(/I 3 


> Q. 008 


0.28 


0. 32 


0.025 


0.001 


12.2 


0.15 


0. 36 


0.07 


0.001 


o.m 


0.8 






0.0007 


0.017 


25.3 


0. 018 






0,011 


0,22 


0.41 


a 028 


0.001 


11.6 


0.08 


0. 50 


0.06 


0,001 


0.006 










0, 017 


32.9 


0. 012 




1 5 


0. 007 


0.25 


a 36 


0. 021 


0.001 


12.4 


0,12 


0.21 


0.20 


0.001 


0.006 










0. 013 


31.5 


0.012 




16 


0.008 


0.21 


0. 35 


0.020 


0.001 


U.2 


0.06 


0. 29 


0. 08 


0.024 


0.005 


0,4 


0.8 






0.013 


2a 5 


O.OlO 




1 7 


0, 007 


0.23 


0. 42 


0.019 


0.001 


11.4 


0.08 


0. 28 


0. 10 


0. 028 


0. 006 


0,6 




0.22 


0.0003 


0, 013 


29.2 


O.012 




18 


0. 009 


0.24 


0. 37 


0.021 


0.001 


11.3 


0. 10 


0. 25 


0.08 


0.001 


0.007 


0.3 


0.6 


0.20 


0.0003 


0. 016 


20.6 


0, 014 




19 


0. 010 


0.44 


0. 31 


0.022 


0.002 


1L3 


0.09 


0.01 


0. 25 


0.001 


0.009 










0.019 


13.7 


0. 018 


it 


20 


0. 010 


1. 30 


0. 30 


0.022 


0. 002 


11.3 


0.20 


0. 20 


0. 25 


0, 050 


0.015 










0,025 


lao 


0,030 




2 1 


0. 015 


L 64 


0. 44 


0.020 


0. 002 


12.2 


0.06 


0.38 


0. 17 


0. 001 


0.012 










0. 027 


20.4 


0.024 




22 


0. 012 


0-02 


0.32 


0. 022 


0.001 


11.5 


0.12 


a 45 


0. 15 


0. 001 


0.011 










0.023 


26.1 


0.022 




23 


0. 009 


0. 43 


0. 44 


0.021 


0.002 


11,8 


0. 23 


0.75 


0. 15 


0. 001 


0. 008 










0.017 


52.9 


0. 016 


m 


24 


0.011 


0.55 


0. 43 


0.018 


0. 002 


12,2 


0. 19 


0.20 


0,05 


0. 001 


0.013 










0,024 


10.4 


0,028 




25 


0.008 


0. 35 


0. 28 


0.019 


O.OOl 


11.8 


0.11 


0.34 


0.16 


0. 002 


O.CIO 


2,8 








0. 018 


27.8 


0.020 




26 


O.015 


0. 36 


0.38 


0.020 


0. 001 


12.4 


0. 08 


0. 45 


0. 10 


0. 001 


0.010 










0. 025 


22.0 


0.020 




27 


0.010 


0. 35 


0. 33 


0.024 


0.001 


13.2 


0. 10 


0.29 


0.10 


0. 022 


0.010 










0.020 


19.5 


0.020 



tttifS 1 9;iSUH5 0 OLffi^ A : (Nb+Ti)/(C+N) : ^^^COj^a^m^*^ 



[0050] Aging of the hot-rolling plate was carried out at 600 degrees C for 1000 hours, the piece of a JIS 
No. 4 Charpy test of 4mm thickness was extracted in the direction of T, and toughness was evaluated. 
Moreover, it compared on the conditions which perform edge preparation to a hot-rolling plate, and are 
shown in Table 2, and TIG arc welding was performed, and the piece of a JIS No. 4 Charpy test of 4mm 
thickness was extracted so that a notch might come to a heat affected zone. 
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[0051] 
[Table 2] 



m 2) 





4 lONb . m^2m 




90--IOOA 




13V 




1 Ocn/oilQ 



[0052] The tabular test piece for tensile test of Smm thickness was extracted from the ingredient which 
carried out aging of a hot-rolling annealed material and the hot-rolling annealed material at 600 degrees 

C for 1000 hours, and it examined at 600 degrees C. 

[0053] Continuation-among atmospheric air heating conditions performed the oxidation test at 800 
degrees C for 200 hours. 

[0054] Various kinds of above-mentioned test results are shown in Tables 3 and 4. Table 4 shows the 
test result of the ingredient which carried out aging, after annealing a hot-rolling plate. From this table, 
this invention steel 1-18 is 2 the ordinary temperature elongation of 30% or more, and the tensile 
strength of 25Ns/mm of 600 degrees C. It tums out above that the oxidation increase in quantity in 800 
degrees C is excellent in two or less 2.0 mg/cm, 2000 or more cycles of thermal fatigue lives, 
workability, high temperature strength and oxidation resistance, and thermal fatigue reinforcement. 
Moreover, it was checked that this invention steel is level from which it is 0 degree C or less, and, as for 
vTrE of a heat affected zone, the ordinary temperature toughness after aging does not pose a use top 
problem, either. • 

[0055] As especially shown in this invention steel 6-8, when aluminum of 0.02 - 0.2 % was added, it 
was checked that the toughness of a heat affected zone improves. Moreover, it was checked that thermal 
fatigue reinforcement improves and the fall on the strength after aging is reduced by Mo and W addition 
especially with this invention steel 9, 13, 16, and 18. 
[0056] 
[Table 3] 
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m 3) 

















i*t\rflf^ rr\i^ ins 

eoirccof isg 








vig/cm ; 


(cycles) 




vTrECTL; 




1 


O D 


1 . 5 


n o c 
^ 0 U 


30 


— 1 5 




o 


o o 
o o 


1 o 




o 1 


— 1 0 




c\ 
O 


o4 


1 . 1 


212 0 


27 


— 1 2 




4 


o 7 


1 . 4 


2 200 


29 


— 1 8 


JStt 

96 


cr 
O 


Q £3 
O D 


1 . o 


id L y 0 


o o 
Ci o 


— Id 




c* 

o 


3 8 


I . 2 


2 15 0 


29 


— 1 8 




7 


o b 


1 . 0 


2 16 0 


29 


— 20 




8 


O Q 

O D 


1 . u 


2 34 0 


3 1 


—22 




Q 

y 


o o 


1 o 


o o n rv 


o o 

J z 


-5 




U 


36 


1 .4 


2190 


29 


-8 


cm 

m 


1 t 
1 I 


36 


1 . 8 


2380 


32 


-1 1 




1 o 


o b 


1 cr 
1 . O 


<2 1 b U 


^9 


— 1 0 




1 O 


O Q 

O D 


1 o 

1 . 3 


n o o /I 

2 320 


3 1 






1 /I 

1 4: 


3 1 


1 . 6 


2 300 


3 1 


- 1 




1 

1 O 


o b 


1 . o 


o 1 r\ /\ 
<d 1 UU 


26 


— 1 5 




1 D 


3 2 


1 . 3 


24 50 


3 1 


-8 




1 7 


o 4 


1 . o 


24 00 


3 1 


-5 




18 


o o 
o o 


1 . b 


24 80 


32 


— 7 


it 


1 9 


7 


1 ± 


1 ^ »□ n 

I ffr o 


^ u 


O 




20 


29 


0. 7 


1820 


22 


12 


m 


2 1 


26 


0. 8 


2230 


30 


25 




22 


34 


3. 5 


2280 


31 


-2 


m 


23 


25 


1 . 1 


2130 


35 


28 




24 


36 


1 . 2 


1800 


22 


-18 




25 


27 


1, 0 


2470 


34 


0 




26 


32 


1 . 2 


2060 


26 


20 




27 


35 


1 , 4 


2150 


30 


10 



[0057] 
[Table 4] 
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m 4) 







mm 




600X;<^5!5r'3 




YbDV.J/CQ) i 






•i 


5 b 


2 0 




Q 
£4 


c 0 


0 1 






o 0 


1 0 




4 


0 u 


1 ft 




cr 
0 


R R 
D 0 








c 0 

D y 


1 0 
1 0 




7 


0 Z 


1 0 
1 0 


m 


8 


5 5 


20 




9 


52 


2 3 




1 U 


53 


20 


m 


1 1 
i I 


58 


21 




1 0 


5 7 


1 9 




1 0 
1 0 


5 5 






1 A 

1 4 


/I 0 
4 0 






1 K. 

i o 


R 






1 c 

1 0 


R R 


0 R 




1 7 


0 0 






18 


b U 


0 a 


It 


19 




1 Q 
i 0 




20 


12 


13 


IS 


2 I 


6 


20 




22 


71 


18 


m 


23 


8 


20 




24 


73 


1 3 




25 


52 


24 




26 


10 


18 




27 . 


12 


22 



[0058] Although the comparison steel 19 is a SUH409L equivalent material, the tensile strength in 600 
degrees C and a thermal fatigue property are inferior in it. Nb the comparison steel 20 and 24 Since it is 
0.2% or less, the tensile strength in 600 degrees C and a thermal fatigue property are inferior. Since Mo 
of 0.8% or more and the comparison steel 25 was 2% or more and the comparison steel 21 was inferior 
to less than 30% of ordinary temperature elongation, and workability in Si, tube manufacturing of it was 
not completed easily. Since Si is less than 0.2%, the comparison steel 22 is inferior to oxidation 
resistance. Its amount of on-the-strength falls is also large while the comparison steel 23 is inferior to 
workability and the toughness of a heat affected zone and its embrittlement is [ the impact resistance 
value after aging is low and ] remarkable, since Nb is over 0.5%. 

[0059] Since Si is 0.8% or less, the comparison steel 21 and 23 is zero or more, and vTrE is inferior to 
the ordinary temperature toughness after aging in it. 

[0060] Since the comparison steel 26 and 27 is C+N>=0.02 and (Nb+Ti)/(C+N)<=20, respectively, it is 
inferior to the toughness of a heat affected zone. 

[0061] In addition, it is checking that this invention steel of (NbH-Ti)/(C+N)>=20 does not generate 
intergranular corrosion by the Strauss test of the metal-active-gas-arc-welding section. However, when 
(Nb+Ti)/(C+N) was less than 20 like the comparison steel 1 and 2, the intergranular corrosion crack in a 
heat affected zone was observed. 
[0062] 

[Effect of the Invention] By this invention, it has high temperature strength, a heat-resistant fatigue 

property, oxidation resistance, outstanding toughness and workability, and outstanding weld zone 
corrosion resistance compared with the conventional steel of SUH409 grade, and the ferritic stainless 
steel which was suitable as an automobile exhaust air system member or an exhaust gas path member of 
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LNG thermal power combined cycle power generation can be offered. 
[Translation done.] 
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